Development of a new type of high pressure calorimetric cell, mechanically agitated and equipped with a dynamic pressure control system: Application to the characterization of gas hydrates by Plantier, Frédéric et al.
  
 
 
OATAO is an open access repository that collects the work of Toulouse 
researchers and makes it freely available over the web where possible 
Any correspondence concerning this service should be sent  
to the repository administrator: tech-oatao@listes-diff.inp-toulouse.fr 
This is an author’s version published in: http://oatao.univ-toulouse.fr/21857 
 
To cite this version:  
Plantier, Frédéric and Marlin, Laurent and Missima, Dimitri and Torré, Jean-Philippe
 Development of a new type of high pressure calorimetric cell, mechanically agitated and 
equipped with a dynamic pressure control system: Application to the characterization of gas 
hydrates. (2013) Review of Scientific Instruments, 84 (12). 125107. ISSN 0034-6748 
Official URL:  https://doi.org/10.1063/1.4848955 
 
Open  Archive  Toulouse  Archive  Ouverte 





Temperature (°C)
Heat flow  (mW)
Baseline 
ΔHdissoc
Tdissoc= 7.6°C 
FIG. 8. Determination of both enthalpy and temperature of dissociation of the carbon dioxide hydrate.
maintained agitated since the intensity of the motor remains
inferior to its safety limit, equivalent to a torque of the mo-
tor about 2 N m. Therefore, the agitator generally stops close
to the maximum of the exothermic peak meaning that at this
point there is likely to have very few free-water in the system
hydrate.
Both enthalpy and temperature of dissociation of carbon
dioxide hydrate were directly deduced from the calorimetric
trace. The dissociation temperature at the given pressure (here
30.5 bar) corresponds to the equilibrium point where the hy-
drate begins to release the gas entrapped in the water cavities.
The dissociation temperature corresponds to the intersection
between the base line and the inflectional tangent at the as-
cending peak slope (Fig. 8), while the peak area highlighted
in Fig. 8 represents the amount of heat exchanged during the
phase transition. The enthalpy of dissociation Hdissoc is then
calculated by dividing this area (expressed in J) by the amount
of carbon dioxide trapped in hydrate assuming that the hy-
dration number (denoted n) of the carbon dioxide hydrate
(CO2-n.H2O) is equal to 7.3,25 and a total conversion of water
to hydrate.
Three experiments were conducted to test the repro-
ducibility of the method. As proven by the results obtained
and listed in Table II; the reproducibility is fairly good.
The Fig. 9 plots our result in terms of dissociation tem-
perature at 30.5 bars (average of the three experiments carried
out) on the three-phasic equilibrium line where gas, liquid,
TABLE II. Enthalpy and temperature of dissociation of carbon dioxide hy-
drate at P = 30.5 bar.
T (◦C) Enthalpy (kJ mol−1)
Test 1 7.5 ± 0.2 62 ± 3
Test 2 7.6 ± 0.2 60 ± 3
Test 3 7.7 ± 0.2 61 ± 3
and CO2 hydrate coexist. The equilibrium data of reference
are both experimental26–28 and numerical (data obtained using
the well-known CSMGem program of the Colorado School of
mines, from Sloan and Koh).24
The comparison between our data and those from other
authors shows a very good agreement and proves the valid-
ity of the approach and of the system used. Regarding the
enthalpy measurements, our results (62 ± 3 kJ mol−1) agree
with the available literature such as those of Anderson29 who
found this enthalpy to vary between 63.6 ± 1.8 kJ mol−1 and
57.7 ± 1.8 kJ mol−1 between the two quadruple points, and
those obtained more recently by Sabil et al.30 with a value of
62.48 kJ mol−1 in very similar conditions of pressure (PCO2
= 30 bar instead of 30.5 bar).
IV. CONCLUSIONS
A novel prototype of calorimetric cell has been devel-
oped. The technical details of the system and typical results
were presented. It was demonstrated that this invention al-
lows performing experiments under pressure, with an in situ
agitation system and a dynamic control of the pressure in-
side the cell. The prototype was well calibrated in temper-
ature and enthalpies with various pure substances used as
standards, covering a range of temperature (from −10 to
20 ◦C) and enthalpies (from 30 to 300 J g−1). The system
has been used to perform experiments with gas hydrates, par-
ticularly to characterize CO2 hydrates. It was demonstrated
that the presence of the agitation was necessary to crystal-
lize the hydrates in the conditions tested. The reproducibil-
ity of the experiments was fairly good, and the dissocia-
tion temperature and enthalpy were found in good agreement
with other references. The use of such a system thus opens a
wide range of potential practical applications for determining
properties of complex fluids in both pressurized and agitated
conditions.

